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Strains of Newcastle disease virus (NDV) induce cell fusion by two different mechanisms. The first, called 'fusion from without' (Bratt & Gallaher, I969) , is independent of virus multiplication, can be induced equally well by infective and non-infective virus and does not require host-specific or virus-specific macromolecular synthesis. This type of cell fusion is completed within I to 3 hr of infection at high multiplicity and is caused by the direct interaction of the virus envelope with the plasma membrane of the cell. Fusion from without is a laboratory phenomenon and is similar to the rapid cell fusion induced by high multiplicities of Sendai virus, SVs, and measles virus (Poste, 197o) . The second type of NDV-induced polykaryocytosis, called 'fusion from within', is characterized by cell fusion beginning several hours after infection at moderate or low multiplicity. This type of cell fusion is related to the intracellular growth of virus and requires virus-specific macromolecular synthesis (Reeve & Poste, I97I a; Reeve et al. I97 0. There is considerable confusion concerning the ability of different strains of NDV to induce these two types of cell fusion. Recently, Bratt & Gallaher (I969, I97o ) suggested that NDV strains which produce fusion from without have little or no capacity to induce fusion from within and vice-versa. In this paper we show that for nine strains of NDV the abilities to induce fusion from without and fusion from within are not mutually exclusive properties.
The cell culture techniques and most of the virus strains have been described (Reeve, Rosenblum & Alexander, I97o; Reeve & Poste, I97t b; Reeve et al. I97I, I972) . The NDV strain LAMB, ESSEX, was obtained from Mr W. H. Allan, Central Veterinary Laboratory, Weybridge. All experiments were done on coverslip cell cultures. For virus-induced fusion from within, chick embryo (CE) cell monolayers were infected with 5o EIDs0/cell as described previously (Reeve & Poste, I97I b) . The capacity of different NDV strains to induce fusion from without was assessed on similar CE cell monolayers treated with u.v.-inactivated NDV at a multiplicity of aooo EIDs0/cell using the methods described by Kohn (i965) . NDV was inactivated by u.v. irradiation as described previously (Poste & Reeve, I97 0 . The extent of virus-induced fusion from without and fusion from within, expressed as the polykaryocytosis, was estimated by counting the number of nuclei present in polykaryocytes and expressing this as a percentage of the total number of nuclei present in the same microscope field (Reeve & Poste, I97Ib ) . The ~o polykaryocytosis was estimated at 3 hr after addition of NDV for fusion from without and at I6 hr for fusion from within.
The intracerebral pathogenicity index in chicks and the mean death time in chick embryos of the various NDV strains were estimated by the standard techniques (Methods for the Examination of Poultry Biologics, 1963) by Mr W. H. Allan, Central Veterinary Laboratory, Weybridge. Chicken antiserum to NDV was also provided by Mr Allan. Sera were heated at 56° for 20 min. immediately before use.
The results (Fig. I) show that all of the NDV strains able to induce fusion from within also produced fusion from without. With the exception of strains F and BEAt~DZa' a' E C, the extent of cell fusion produced by fusion from within was higher than that produced by fusion from without. The avirulent strains QUEENSLAND and ULSTER consistently failed to produce either fusion from without or fusion from within. Attempts to induce fusion from without by these avirulent strains using antiserum to the virus (Okada & Murayama, I968) and alterations in pH (Bratt & Gallaher, r97o ) were unsuccessful. These results differ from those of Bratt & Gallaher 0969, I97o) in two ways. First, it is clear that for our strains of NDV the abilities to induce fusion from without and fusion from within are not mutually exclusive properties. Secondly, Bratt & Gallaher 0969) were unable to obtain fusion from within with strain HERTS. This difference can be explained since Bratt & Gallaher found little or no fusion at 7 hr and in our own experiments the fusion from within induced by strain HERXS only began at 6 hr after infection. The extent of fusion from within induced by strain HERTS at 7 hr after infection is similar to that described by Bratt & Gallaher but becomes much more extensive at I5 hr (Reeve & Poste, I97I b) .
The present results on fusion from without induced by several NDV strains agree with those of Kohn & Fuchs (I969) in that this phenomenon was not correlated with virus
